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SUMMARY 
This f o u r t h  q u a r t e r l y  r e p o r t  c o n s i s t s  mostly of experimental  da t a  
ga thered  during t h e  three-month per iod,  March through May 1966. It i s  
being i s sued  i n  consequence of a three-month, no-cost ex tens ion  of t h e  
o r i g i n a l l y  one-year NASA/MSFC Contract NAS 8-20194 under which t h e  
developmental and experimental  program i s  being c a r r i e d  out. The over- 
a l l  format i s  e s s e n t i a l l y  t h a t  o f  an in t e r im  repor t  s i n c e  t h e  f i n a l  
r e p o r t  w i l l  be i s sued  i n  four  weeks' time. 
_- 
Experimental d a t k c o n t a i n e d  i n  Sec t ion  2.0 which r ep resen t s  t h e  
,- c. 
bulk of t h i s  r e p o r t  -- have been obta ined  by impacting 3.11 mg c y l i n d r i c a l  
lexan s lugs  on aluminum t a r g e t s  a t  speeds of from 18,000 f t . / sec .  t o  
30,000 f t . / s ec .  
t he  t a r g e t  su r f ace  normal t o  eva lua te  d i r e c t i o n a l  p r o p e r t i e s  of stress waves 
generated by obl ique  impacts,' 
0 A number o f  t h e s e  impacts were made a t  30 and 60' t o  
V 
I 
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SECTION 1.0 
INTRODUCTION 
The con t r ac tua l  work c a r r i e d  o u t  by Northrop Space Labora tor ies  
during the  f o u r t h  q u a r t e r  under the extended one-year NASA/MSFC 
Contract  NAS-20194 has cons is ted  mainly of p repa ra t ions  f o r ,  and 
execut ion o f ,  t h e  p lanned  hyperve loc i ty  impact test  programsL These  
were designed t o  provide adequate d a t a  f o r  eva lua t ing  t h e  usefu lness  
and performance of  experimental  micrometeoroid impact sensors 'deve loped  - 
e a r l i e r  under the  present  cont rac t .  
- 
- 
Experimental da ta .conta ined  i n  Sec t ion  2.0 !have been obta ined  by - 
impacting 3.11 mg lexan c y l i n d r i c a l  s lugs  on aluminum t a r g e t s  a t  
speeds of  from 18,000 f t . / s ec .  t o  30,000 f t . / s ec .  
were made e i t h e r  a t  30' o r  60' t o  t h e  normal t o  t h e  t a r g e t  su r f ace  t o  
eva lua te  d i f f e r e n t i a l  stress wave propagat ion c h a r a c t e r i s t i c s  i n  
d i f f e r e n t  d i r e c t i o n s  from t h e  point  of t h e  obl ique  impact, 
A number of impacts 
Sec t ion  3.0 conta ins  a b r i e f  review of t he  l a s e r  s imula t ion  work 
performed i n  t h e  l a s t  con t r ac tua l  q u a r t e r ,  and Sec t ion  4.0 then con ta ins  
a cumnary of t he  progress  achieved t o  d a t e  toge the r  w i t h  a b r i e f  
eva lua t ion  of obta ined  data. 
A t  t he  t i m e  t h i s  r e p o r t  i s  being i ssued ,  impact d a t a  are being 
ga thered  i n  tests where 50 and 90 micron i n  diameter b o r o s i l i c a t e  g l a s s  
p a r t i c l e s  a r e  used a s  p r o j e c t i l e s  impacting aluminum t a r g e t s  a t  
J e l o c i t i e s  ranging from 20,000 f t . / s ec .  t o  40,000 f t . / s ec .  and higher .  
Tmse r e s u l t s  w i l l  be included i n  t h e  f i n a l  r e p o r t  t o  be i s sued  i n  
about four weeks. 
i 
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SECTION 2.0 
EXPERIMENTAL DATA 
Data presented  on t h e  following pages c o n s i s t  of-photographs of 
o sc i l l o scope  t r a c e s  of quar tz  c r y s t a l  t ransducer  ou tpu t s  obtained on 
impacting aluminum t a r g e t  p l a t e s  with 3.11 mg c y l i n d r i c a l  lexan s l u g s  
a t  v e l o c i t i e s  ranging from 18,000 f t . / sec .  t o  30,000 f t . / s ec ,  Each 
impact was monitored by f o u r  t ransducers  of which ou tpu t s  w e r e  recorded 
a t  t he  same tine so t h a t  times of stress wave a r r i v a l s  t o  t h e  var ious  
p o i n t s  on t h e  t a r g e t  where t ransducers  were loca ted  could be compared, 
The time per iod  t h a t  a stress wave t akes  t o  t r a v e l  from t h e  p o i n t  of 
impact t o  t h e  recording t ransducer  depends on t h e  d i s t ance  i t  has  t o  
t r ave r se .  
each set of da ta  is accompanied by a diagram dep ic t ing  t h e  r e l a t i v e  
p o s i t i o n  of t he  impact po in t  with r e spec t  t o  t h e  f o u r  t ransducers  wi th  
p e r t i n e n t  d i s t ances  being given in m i l l i m e t e r s .  
To show t h e  magnitudes of t h e  va r ious  d i s t ances  i n  ques t ion ,  
The lexan p r o j e c t i l e s  were made t o  impact t he  t a r g e t s  a t  t h r e e  
d i f f e r e n t  angles:  
su r f ace  normal. 
both on the  impact l o c a t i o n  diagrams and on the  da t a  shee t s  themselves. 
normally t o  the su r face ,  and a t  3O0and 60° t o  t h e  
The angle  a t  which each impact occurred i s  shown 
2- 1 
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17.5 22.0 
12.5 18.5 
Test No. 12 
Test No. 13 
LOCATION O F  IMPACT AREAS: TEST NOS. 12 AND 13 
(Distances between impact area centers and transducer edges shown in millimeters) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-2 
Channel 1 
Upper: 1 psec/div. (cm) 
1 V/div. (cm) 
Lower: 1 psec/div.  (cm) 
0.1 V/div. (cm) 
Load: 5700 
Gain (Xducer/Scope) : 40 
Channel 2 
Upper: 1 psec/div. (cm) 
1 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.1 V/div. (cm) 
Load: 5 7 0 n  
Gain (Xducer/Scope) : 40 
Channel 3 
Upper: 1 psec/div. (cm) 
0.5 V/div. (cm) 
Lower: 1 p seddiv. (cm) 
0.05 V/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 25 
IMPACT TEST NO. 12 
(Channels 1, 2 and'3) 
19 April 1966 - Shot # 2  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-3 
Channel 4 
I 
Upper: 1 psec/div. (cm) 
1 V/div. (cm) 
Lower: 1 p sec/div. (cm) 
0.1 V/div. (cm) 
Load: 5 7 0 a  
Gain (Xducer/Scope): 40 
Recording Spoiled 
Due to a Faulty 
Camera 
Trigger Display 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Channels 1 and 4 oscilloscopes had "Trigger Level" set at the wrong polarity 
and did not trigger on time. 
0 Projectile Velocity: 27,600 ft/sec 
0 Impact at normal incidence. 
0 Transducers: Quartz x - cut wafers 0.063" in diameter and 0.063" thick. 
0 Target Plate: 4" x 4" x 1/8" 2024 - T3 Aluminum 
IMPACT TEST NO. 12 
(Channel #4 and Trigger Display) 
19 Apr i l  1966 -Shot # 2  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-4 
Channel 1 
Upper: 1 p sec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 57042 
Gain (Xducer/Scope): 8 
2 V/div. (cm) 
0.1 p sec/div. (cm) 
Channel 2 
Upper: 1 p  sec/div. (cm) 
Lower: 1 p  sec/div. (cm) 
Load: 5700 
Gain (Xducer/Scope) : 8 
2 V/div. (cm) 
0 .1  p sec/div. (cm) 
Channel 3 
Upper: 1 p sec/div. (cm) 
1 V/div. (cm) 
Lower: 1 p  sec/div. (cm) 
0.05 V/div. (cm) 
Load: 570LR 
Gain (Xducer/Scope): 5 
IMPACT TEST NO. 13 
(Channels 1, 2 and 3) 
20 April 1966 - S h O t # 3  
PROJECTILE: LELMT SLUG (3.11 mg) 
2- 5 
t' 
I 
I 
1 
t 
I 
t 
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I 
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I 
I 
I 
I 
I 
Channel 4 
Upper: 1 p  sec/div. (cm) 
Lower: 1 p sec/div. (em) 
Load: 570R 
Gain (Xducer/Scope): 8 
2 V/div. (cm) 
0.1 p seddiv.  (cm) 
Trigger Display 
Upper: 10 p sec/div. (cm) 
20 V/div. (em) 
Lower: 1 p sec/div. (cm) 
0.05 V/div. (em) 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile Velocity: 28,300 ft/sec. 
0 Impact at normal incidence. 
0 Transducers : 
0 Target Plate: 4 "  x 4"  x 1/8" 2024 -T3 Aluminum. 
Quartz x - cut wafers 0.063 " in diameter and 0.063 " thick. 
IMPACT TEST NO. 13 
(Channel #4 and Trigger Display) 
20 April 1966 - Shot #3 
PRCHECTILE: LEXAN SLUG (3.11 mg) 
2-6 
5 . 0 J  
15.5 27.5- 
Test No. 15 
Test No. 16 
LOCATION OF IMPACT AREAS: TEST NOS. 15 AND 16 
(Distances between impact area centers and transducer edges shown in millimeters) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-7 
Channel 1 
Upper: 1 p sec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 570 R 
Gain (Xducer/Scope) : 1.3  
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 2 
Upper: 1 p secidiv. (cm) 
Lower: 1 p seddiv .  (cm) 
Load: 570R 
Gain (Xducer/Scope) : 1 .3  
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 3 
Upper: 1 p sec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570R 
Gain (Xducer/Scope) : 1.0 
1 V/div. (cm) 
0.1 V/div. (cm) 
IMPACT TEST NO. 15 
(Channels 1, 2 and 3)  
20 &ril 1966 - Shot # 5  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-8 
Channel 4 
Upper: 1 p sec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570 R 
Gain (Xducer/ Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Recording Spoiled 
Due to a Faulty Camera 
Trigger Display 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile Velocity: 28,700 ft/sec. 
0 Impact at normal incidence. 
0 # 1 transducer and spacer were shattered by impact. 
0 Transdircers: 
0 Target Plate: 4"  x 4" x 1/8" 2024 -T3 Aluminum 
Quartz x - cut wafers 0.063" in diameter and 0.063" thick. 
IMPACT TEST NO. 15 
(Channel # 4  and Trigger Display) 
20 April 1966 - Shot # 5  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-9 
8 
Channel 1 
Upper: 1 p sec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570 R 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 2 
Upper: 1 p sec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570 fl 
Gain (Xducer/Scope): 1 .3  
1 v/div. (cm) 
0.1 Vldiv. (cm) 
Channel 3 
Upper: 1 p sec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570 f2 
Gain (Xducer/Scope): 1 .0  
1 V/div. (cm) 
0 .1  V/div. (cm) 
IMPACT TEST NO. 16 
(Channels 1, 2 and 3) 
21 April 1966 -Shot #/ 6 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-10 
8 
8 
I 
I 
I 
I 
I 
I 
1 
I 
8 
1 
1 
8 
I 
t 
8 
8 
I 
Additional Data: 
Channel 4 
Upper: 1 p sec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570 SZ 
1 V/div. (cm) 
0.1 V/div. (cm) 
Gain (Xducer/Scope) : 1.3 
Trigger Display 
Upper: IO p sec/div. (cm) 
Lower: 1 p/div. (cm) 
10 V/div. (cm) 
0.02 V/div. (cm) 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile Velocity: 28,200 ft/sec. 
0 Impact at normal incidence. 
0 #1 transducer was shattered by impact. 
0 Transducers : Quartz x - cut wafers 0,063 in diameter and 0.063 I' thick. 
0 Target Plate: 4 " x  4" x 1/8" 2024 -T3 Aluminum. 
IMPACT TEST NO. 16 
(Channel #4 and Trigger Display) 
2 1  April 1966 -Shot #6 
PROJECTILE: LEXAN SLUG (3.11 mg) 
3-1 1 
17.5 19.0 
15.5 x 16.5 
2 \  
Impact A 0  + 
from normal 
Test No. 18 
Test No. 20 
LOCATION OF IMPACT AREAS: TEST NOS. 18 AND 20 
(Distances between impact area centers and transducer edges shown in millimeters) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-12 
I 
IMPACT TEST NO. 18 
(Channels 1, 2 and 3)  
21 April 1966 - Shot # 8 
PROJECTILE: LEXAN SLUG (3.11 mg) 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570a  
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope): 1 .0  
1 V/div. (cm) 
0.1 V/div. (cm) 
2-13 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 a  
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile Velocity: 26,700 ft/sec. 
0 Impact at normal incidence. 
0 Transducers: 
0 Target Plate: 4" x 4" x l /S"  2024 -T3 Aluminum. 
Quartz x - cut wafers 0.063" in diameter and 0.063" thick. 
IMPACT TEST NO. 18 
(Channel #4  and Trigger Display) 
2 1  April 1966 - Shot # 8 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-14 
Channel 1 
Upper: 1 p s e d d i v .  (cm) 
Lower: 1 psec/div.  (cm) 
Load: 570a 
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 v/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570R 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 3 
Upper: 1 p s e d d i v .  (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 a  
Gain (Xducer/Scope) : 1.0 
1 V/div. (cm) 
0.1 V/div. (cm) 
IMPACT TEST NO. 20 
(Channels 1, 2 and 3) 
21 April 1966 - Shot # 10 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-15 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 1.1 sec/div. (cm) 
Load: 5 7 0 n  
Gain (Xducer/Scope): 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2 ,  3 and 4 oscilloscopes triggered .~y the signal in Channe 
0 Projectile Velocity: 30,100 ft/sec. 
. 
J-. 
0 Impact at 60° to the normal. 
0 Transducers : 
0 Target Plate: 4"  x 4" x 1/8" 2024 -T3 Aluminum. 
Quartz x -cut wafers 0.063 " in diameter and 0.063" thick. 
IMPACT TEST NO. 20 
(Channel #4 and Trigger Display) 
2 1  Apr i l  1966 - Shot #10 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-16 
I 
Impact 60' 
from normal 
Imp act 60' 
from normal 
Test No. 21 
Test No. 22 
LOCATION OF IMPACT AREAS: TEST NOS. 21 AND 22 
PROJECTILE: LEXAN SLUG (3.11 mg) 
(Distances between impact area centers and transducer edges shown in millimeters) 
2-17 
IMPACT TEST 
(Channels 1, 2 
21 April 1966 - 
PROJECTILE: LEXAN 
2-18 
NO. 
and 
Shot 
SL1 
Channel 1 
Upper: 1 p sec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
5 v/div. (Cm) 
0.2 v/div. (Cm) 
Channel 2 
Upper: 1 p s e d d i v .  (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
1 V/div. (em) 
0.1 V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.0 
1 V/div. (cm) 
0 .1  V/div. (cm) 
21 
3) 
: #11 
JG (3.11 mg) 
Channel 4 
Upper: 1 pseddiv.  (em) 
Lower: 1 ~ s e c / d i v .  (cm) 
Load: 570n 
1 V/div. (em) 
0.1 V/div. (cm) 
Gain (Xducer/Scope): 1.3 
Trigger Display 
Upper: 10 psedd iv .  (cm) 
10 V/div. (em) 
Lower: 1 psedd iv .  (em) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2,  3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile Velocity: 27,300 ft/sec. 
0 Impact at 60° to the normal. 
0 Transducers : Quartz x - cut wafers 0.063 I'  in diameter and 0.063" thick. 
0 Target Plate: 4"x 4"x 1/8" 2024 -T3 Aluminum 
IMPACT TEST NO. 21 
(Channel #4 and Trigger Display) 
2 1  April 1966 - shot #11 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2- 19 
I 
S 
I 
R 
I 
I 
1 
I 
u 
I 
I 
1 
1 
I 
I 
i 
8 
1 
I 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (em) 
Load: 57042 
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 v/div. (an) 
Channel 2 
Upper: I psec/div. (cm) 
Lower: 1 f i  sec/div. (cm) 
Load: 570a 
Gain (Xducer/Scope) : 1.3  
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 570a 
Gain (Xducer/Scope) : 1.0 
1 V/div. (cm) 
0.1 V/div. (cm) 
IMPACT TEST NO. 22 
(Channels 1, 2 and 3) 
21 April 1966 - Shot # 12 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-20 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 570Q 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div, (cm) 
Tri 
Upper: 
Lower: 
.gger Display 
10 psec/div. (cm) 
10 V/div. (cm) 
1 ~ s e c / d i v .  (cm) 
0.02 V/div. (cm) 
Additional Data: 
Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
Projectile Velocity: 28,200 ft/sec. 
Impact at 60° to the normal. 
Polarity of transducer # 1 was later found reversed. 
Transducers: 
Target Plate: 4" x 4" x 1/8" 2024 -T3 Aluminum 
Quartz x -cut wafers 0.063" in diameter and 0.063" thick. 
IMPACT TEST NO. 22 
(Channel # 4  and Trigger Display) 
21 April 1966 - Shot #I2 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-21 
*\ /’” 
21.0 26.0 
Impact 30° 
from normal + 
1 d/  
+ 
a, 
Test No. 23 
Test No. 24 
LOCATION OF IMPACT AREAS: TEST NOS. 23 AND 24 
(Distances between impact area centers and transducer edges shown in millimeters) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-22 
IMPACT TEST 
22 April 1966 - 
PROJECTILE: LEXAN 
(Channels 1,  2 
2-23 
Channel 1 
Upper: 1 psec/div. (em) 
Lower: 1 psec/div. (em) 
Load: 570n 
Gain (Xducer/Scope): 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 pseddiv. (cm) 
Lower: 1 p seddiv .  (em) 
Load: 5700 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (em) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 ksec/div. (cm) 
Load: 570n 
Gain (Xducer/Scope) : 1 .0  
1 V/div. (em) 
0.1 V/div. (cm) 
NO. 23 
and 3) 
Shot #13 
SLUG (3.11 
8 
t 
0 
I 
1 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 a  
Gain (Xducer/Scope): 1.3 
1 V/div. (em) 
0.1 v/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/ciiv. (cm) 
Additional Data: 
0 Channels 1, 2 ,  3 and 4 oscilloscopes triggered by the signal in Channel 1. 
a Projectile Velocity: 18,500 ft/sec. 
0 Impact at 30° to the normal. 
0 Transducers: 
0 Target Plate: 4" x 4" x 1/8" 2024 - T3 Aluminum 
Quartz x -cut wafers 0.063" in diameter and 0.063" thick. 
IMPACT TEST NO. 23 
(Channel #4 and Trigger Display) 
22 April 1966 - Shot #13 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-24 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700 
Gain (Xducer/Scope) : 1 . 3  
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.0  
1 V/div. (cm) 
0.1 V/div. (cm) 
IMPACT TEST NO. 24 
(Channels 1, 2 and 3) 
22 April 1966 - Shot ## 14 
PROJECTILE: LEXAN SLUG (3.11 
2-25 
I ,,. 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 ysec/div. (cm) 
Load: 570n 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2,  3 and 4 oscilloscopes triggered by the signal in Channel 2. 
0 Projectile Vglocity: 19,100 ft/sec. 
0 Impact at 30 to the normal. 
0 Transducers : Quartz x - cut wafers 0.063" in diameter and 0.063" thick. 
0 Target Plate: 4" x 4" x l /S"  2024 -T3 Aluminum. 
IMPACT TEST NO. 24 
(Channel # 4  and Trigger Display) 
22 April 1966 - Shot #14 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-26 
21.0 34.5 K3.5 27*5  -44 
t + Impact 30' from normal 
Imp act 3 0' 
from normal + 
2 9 * 0  -3 
4.0 
Test ?o. 25 
Test No. 28 
LOCATION OF IMPACT AREAS: TEST NOS. 25 AND 28 
(Distances between impact area centers and transducer edges shown in millimeters) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-27 
1 
~ 
I 
Channel 1 
Upper: 1 p,sec/div. (cm) 
Lower: 1 p, sec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 pseci'div. (cm) 
Lower: 1 p s e d d i v .  (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0 .1  V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700  
Gain (Xducer/Scope) : 1 .0  
1 V/div. (cm) 
0 . 1  V/div. (cm) 
IMPACT TEST NO. 25 
(Channels 1, 2 and3) 
22 April 1966 - Shot #I5  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-28 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psedd iv .  (cm) 
Load: 570n 
Gain (Xducer/Scope) : 1.3  
1 V/div. (cm) 
0 .1  V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 p sec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
Channels 1, 2 ,  3 and 4 oscilloscopes triggered by the signal in Channel 1. 
Projectile Velocity: 26,400 ft/sec. 
# 1 transducer and spacer were shattered by impact. 
Impact at 300 to the normal. 
Transducers : Quartz x - cut wafers 0.063" in diameter and 0.063" thick. 
Target Plate: 4" x 4'' x l /S ' '  2024 - T3 Aluminum. 
IMPACT TEST NO. 25 
(Channel # 4  and Trigger Display) 
22 April 1966 - Shot ## 15 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-29 
I 
1 
I 
1 
1 
I 
R 
I 
8 
I 
8 
8 
II 
II 
I 
1 
I 
8 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 570i-l 
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0 .1  V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700  
Gain (Xducer/Scope) : 1.0 
1 V/div. (cm) 
0 .1  V/div. (cm) 
IMPACT TEST NO. 28 
(Channels 1,  2 and 3 
22 b r i l  1966 - Shot d 18 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-30 
I 
t 
1 
1; 
I 
1 
I 
1 
8 
I 
i 
t 
t 
U 
1 
I 
I 
8 
II 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope): 1.3 
1 V/div. (cm) 
0.1  V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data : 
0 Channels 1, 2,  3 and 4 oscilloscopes triggered by the signal in Channel 2. 
0 Projectile Velocity: 27,400 ft/sec. 
0 # 2  transducer and spacer were shattered by impact. 
0 Impact at 30' to the normal. 
0 Transducers : 
0 Target Plate: 4 "  x 4" x 1/8" 2024 -T3 Aluminum. 
Quartz x - cut wafers 0.063" in diameter and 0.063" thick. 
IMPACT TEST NO. 28 
(Channel # 4  and Trigger Display) 
22 April 1966 - Shot #18 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-31 
* \  
14.5 2 6 . 5  
/p3 
Impact 600 
from normal 
Impact 60° 
from normal 
15.0 24.0 
/’” 
K 
Test No. 29 
Test No. 30 
LOCATION OF IMPACT AREAS: TEST NOS. 29 ANT) 30 
(Distances between impact area centers and transducer edges shown in millimeters) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-32 
I 
I 
Channel 1 
Upper: 1 p s e d d i v .  (cm) 
Lower: 1 psec/div.  (cm) 
Load: 570R 
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (em) 
Channel 2 
Upper: 1 pseddiv. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0 . 1  V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700 
Gain (Xducer/Scope) : 1.0 
1 V/div. (cm) 
0 . 1  V/div. (cm) 
IMPACT TEST NO. 29 
(Channels 1, 2 and3) 
22 April 1966 - Shot #19 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-33 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700 
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 psecjdiv.  (cm) 
Load: 5700 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0 .1  V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700 
Gain (Xducer/Scope): 1 .0  
1 V/div. (cm) 
0.1 V/div. (cm) 
IMPACT TEST NO. 29 
(Channels 1, 2 and 3) 
22 April 1966 - Shot #19 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-33 
Channel 4 
I 
I 
I 
1 
i 
I 
I 
I 
1 
1 
1 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 a  
Gain (Xducer/Scope): 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile Velocity: 30,000 ft/sec. 
0 Impact at 60° to the normal. 
0 Transducers : 
0 Target Plate: 4" x 4" x 1/8" 2024 -T3 Aluminum 
Quartz x - cut wafers 0.063" in diameter and 0.063 " thick. 
IMPACT TEST NO. 29 
(Channel #4 and Trigger Display) 
22 April 1966 - Shot #19 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-34 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570a 
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0 .1  V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 570n 
Gain (Xducer/Scope): 1 . 0  
1 V/div. (cm) 
0 .1  V/div. (cm) 
IMPACT TEST NO. 30 
(Channels # 1, 2 and 3) 
22 April 1966 - Shot #20 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-35 
II 
1 
i 
I 
N 
I 
1 
1 
II 
I 
I 
I 
I 
I 
I 
I 
1 
1 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 570R 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Recording Spoiled 
Due to a Faulty Camera 
Trigger Display 
Additional Data: 
0 Channels 1, 2 ,  3 and 4 oscilloscopes triggered by the signal in Channel 2. 
0 Projectile Velocity: 30,250 ft/sec. 
0 Impact at 60' to the normal. 
0 Same target plate used for tests Nos. 29 and 30; craters partially overlap. 
0 Transducers: 
0 Target Plate: 4"  x 4" x 1/8" 2024 -T3 Aluminum. 
Quartz x - cut wafers 0.063" in diameter and 0.063" thick, 
IMPACT TEST NO. 30 
(Channel #4 and Trigger Display) 
22 April 1966 - Shot #20 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-36 
1 
I 
I 
'I 
I 
1 
I 
I 
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's 22.5 p" 
I 
Impact 30' 
from normal 
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Impact 3 Oo 
from normal $. 
4 . 0 7  
Test No. 33 
Test No. 34 
LOCATION OF IMPACT AREAS: TEST NOS. 33 AND 34 
(Distances between impact area centers and transducer edges shown in millimeters) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-37 
I 
1 
I 
1 
I 
l 
I 
I 
U 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570R 
5 V/div. (cm) 
0.2 V/div. (cm) 
Gain (Xducer/Scope) : 1.3 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570n  
1 V/div. (cm) 
0 .1  V/div. (cm) 
Gain (Xducer/Scope) : 1.3 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5700 
1 V/div. (cm) 
0 .1  V/div. (cm) 
Gain (Xducer/Scope) : 1.0  
IMPACT TEST NO. 33 
25 April 1966 -Shot # 2 3  
(Channels 1, 2 and 3) 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-38 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 p seddiv. (cm) 
Load: 570a 
Gain (Xducer/Scope): 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
IO V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data : 
0 Channels 1, 2,  3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile Velocity: 26,500 ft/sec. 
0 Impact at 30' to the normal. 
0 Transducers: Quartz x -cut wafers 0.063" in diameter and 0.063" thick. 
0 Target Plate: 4" x 4" x 1/8" 2024 - T3 Aluminum. 
IMPACT TEST NO. 33 
(Channel #4 and Trigger Display) 
25 April 1966 - Shot #23 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-39 
I 
I '  
I 
I 
R 
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u 
I 
I 
1 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 5 7 0 a  
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 p s e d d i v .  (cm) 
Lower: 1 psec/div.  (cm) 
Load: 570n  
Gain (Xducer/Scope) : 1.3 
1 V/div. (em) 
0 .1  V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope): 1 .0  
1 V/div. (cm) 
0 . 1  V/div. (cm) 
IMPACT TEST NO. 34 
(Channels 1, 2 and 3 )  
25 April 1966 -Shot #24 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2- 40 
Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
1 v/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 p sec/div. (cm) 
IO V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes 
0 Projectile Velocity: 27,100 ft/sec. 
0 Impact at 30° to the normal. 
0 #2 transducer and spacer were shati 
0 Transducers: Quartz x - cut wafers 
0 Target Plate: 4" x 4" x 1/8" 2024 - 
triggered by the signal in Channel 2. 
;ered by the impact. 
0.063" in diameter and 0.063" thick. 
-T3 Aluminum. 
IMPACT TEST NO. 34 
(Channel #4 and Trigger Display) 
25 April 1966-Shot #24  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-41 
I 
i 
M I S C E L L A N E O U S  
AM) 
I N C O M P L E  T E  
D A T A  
2-42 
Upper: 1 psec/div. (cm) 
2 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.05 V/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope): 40 
Channel 2 
Upper: 1 psec/div. (cm) 
2 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.05 V/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 40 
Channel 3 
Upper: 1 p sec/div. (cm) 
2 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.05 V/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 40 
IMPACT TEST NO. 11 
(Channels 1, 2 and 3) 
19 Apr i l  1966 - Shot # 1  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-43 
Channel 4 
Upper: 1 pseddiv .  (cm) 
2 V/div. (cm) 
Lower: 1 p sec/div. (cm) 
0.05 V/div. (cm) 
Load: 5 7 0 n  
Gain (Xducer/Scope): 40 
Trigger Display 
Upper: 10 psec/div. (cm) 
20 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.01 V/div. (em) 
Additional Data : 
0 Channels 1, 2, 3 and 4 oscilloscopes triggerel 
0 Projectile hit the shield and the target was only hit by a gas cloud (no visible damage). 
0 (Recorded "Projectile Velocity": 21,600 ft/sec) 
0 Transducers: Quartz x - cut wafers 0.063 'I in diameter and 0.063" thick. 
0 Target Plate: 4"x 4"x 1/8" 2024 -T3 Aluminum. 
y the signal in Channel 1. 
IMPACT TEST NO. 11 
(Channel #4 and Trigger Display) 
19 April 1966 - Shot # 1 
PROJECTILE: LEXAN SLUG (3.11 mg) 
2 - 4 4  
I 
I 
I 
i 
I 
C 
I 
Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 n  
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0 .1  V/div. (cm) 
Channel 3 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1 . 0  
1 V/div. (cm) 
0 . 1  V/div. (cm) 
IMPACT TEST NO. 17 
(Channels 1, 2 and 3) 
21 April 1966 - Shot # 7  
PROJECTILE: LEXAN SLUG (3.11 mg) 
2-45 
Channel 4 
a 
I 
1 
1 
i 
I 
1 
I 
t 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 p sec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2,  3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile hit the shield and the target was impacted by a spray of secondary 
particles ranging up to about 100 microns in diameter. 
0 Transducers : Quartz x - cut wafers 0.063" in diameter and 0; 063 'I thick. 
0 Target Plate: 4" x 4" x 1/8" 2024 -T3 Aluminum 
IMPACT TEST NO. 17 
21 April 1966 - Shot # 7 
PROJECTILE: LEXAN SLUG (3.11 mg) 
(Channel #4  and Trigger Display) 
2-46 
I Channel 1 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div.  (cm) 
Load: 5 7 0 a  
Gain (Xducer/Scope) : 1.3 
5 V/div. (cm) 
0.2 V/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 p sec/div. (cm) 
Load: 570R 
Gain (Xducer/Scope) : 1.3  
1 V/div. (cm) 
0.1 V/div. (cm) 
Channel 3 
Upper: 1 p s e d d i v .  (cm) 
Lower: 1 p s e d d i v .  (cm) 
Load: 5 7 0 n  
Gain (Xducer/Scope) : 1 .0  
1 V/div. (cm) 
0 . 1  V/div. (cm) 
IMPACT TEST NO. 31 
(Channels 1, 2 and 3) 
22 April 1966 - Shot # 21 
PROJECTILE: LEXAN SLUG (3.11 mg) 
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Channel 4 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 570R 
Gain (Xducer/Scope) : 1.3 
1 V/div. (cm) 
0.1 v/div. (cm) 
Trigger Display 
Upper: 10 p sec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile hit shield and target was sprayed by secondary metallic fragments. 
0 Transducers : Quartz x - cut wafers 0.063 " in diameter and 0.063 " thick. 
0 Target Plate: 4"x4"x  1/8" 2024 -T3 Aluminum. 
IMPACT TEST NO. 31 
(Channel # 4  and Trigger Display) 
22 April 1966 - Shot #21 
PROJECTILE: LEXAN SLUG (3.11 mg) 
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Channel 1 
Upper: 1 p sec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
Gain (Xducer/Scope): 1.3 
5 v/div. (Cm) 
0.2 v/div. (cm) 
Channel 2 
Upper: 1 psec/div. (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
1 V/div. (cm) 
0.1 V/div. fcm) 
Gain (Xducer/Scope) : 1.3 
Channel 3 
Upper: 1 p s e d d i v .  (cm) 
Lower: 1 psec/div. (cm) 
Load: 5 7 0 0  
1 V/div. (cm) 
0.1 V/div. (cm) 
Gain (Xducer/Scope) : 1.0 
IMPACT TEST NO. 32 
(Channels 1, 2 and 3) 
25 April 1966 -Shot #22 
PROJECTILE: LEXAN SLUG (3.11 mg) 
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Channel 4 
Upper: 1 psec/div. (em) 
Lower: 1 psec/div. (cm) 
Load: 570fl 
Gain (Xducer/Scope): 1.3 
1 v/div. (cm) 
0.1 V/div. (cm) 
Trigger Display 
Upper: 10 psec/div. (cm) 
10 V/div. (cm) 
Lower: 1 psec/div. (cm) 
0.02 V/div. (cm) 
Additional Data: 
0 Channels 1, 2, 3 and 4 oscilloscopes triggered by the signal in Channel 1. 
0 Projectile hit shield and target was only subjected to impact of gas cloud 
(no visible damage). 
0 Transducers: 
0 Target Plate: 41r x 4" x 1/8" 2024 - T3 Aluminum. 
Quartz x - cut wafers 0.063" in diameter and 0.063" thick. 
IMPACT TEST NO. 32 
(Channel #4 and Trigger Display) 
25 April 1966 -Shot #22 
PROJECTILE: LEXAN SLUG (3.11 mg) 
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NORTHROP SPACE LABORATORIES 
SECTION 3.0 
LASER IMPACT SIMULATION 
The design, assembly, and alignment of  o p t i c a l  components f o r  
t h e  laser hyperveloci ty  impact simulator have been descr ibed i n  t h e  
previous q u a r t e r l y  r epor t s .  
f i r s t  a t tempts  t o  Q-switch had not been successful .  A f t e r  a n t i - r e f l e c t i o n  
coa t ing  of t he  f l a t  f a c e  of  t h e  ruby with t wavelength of  magnesium 
f l u o r i d e ,  Q-switched p u l s e s  w e r e  obtained which had an average p u l s e  
width of  10 - 15 nanoseconds a t  half  height .  Delay t i m e s  f o r  t h e  k e r r  
c e l l  t r i g g e r  pu l se  and r e f l e c t i v i t y  of t h e  e x t e r n a l  r e f l e c t o r  were 
v a r i e d  and as expected w e r e  n o t  found t o  be extremely c r i t i ca l .  
R e f l e c t i v i t y  of  about 30% and t r i g g e r  delay of 1.0 mi l l i s econd  w e r e  
used. 
At the  t i m e  of t h e  l a s t  q u a r t e r l y  r epor t ,  
An approximate power c a l i b r a t i o n  w a s  made by using t h e  s e n s i t i v i t y  
f i g u r e  quoted by OTI f o r  t h e i r  u l t r a  f a s t  d e t e c t o r  (Model 620) and 
pu l s ing  t h e  laser (non Q-switched) almost a t  normal incidence o f f  of 
3 g l a s s  f l a t ,  so a s  t o  avoid burning t h e  f i l t e r s ,  and then through 
n e u t r a l  dens i ty  f i l t e r s  t o  t h e  detector .  
condi t ions a t  room temperature,  a pu l se  of  1 mil l isecond dura t ion  and 
L-5 k i l l o w a t t s  o r  4 or 5 j o u l e s  was obtained.  Then by using an opa l  
d i f f u s e r  t o  scatter t h e  laser beam and p l ac ing  t h e  d e t e c t o r  a known 
d i s t a n c e  away, t h e  d i f f u s e  p rope r t i e s  of t h e  opa l  can be c a l i b r a t e d .  
(See Fig. 3-lb). 
a mi r ro r ,  w a s  used t o  reduce t h e  Q-switched beam t o  a l e v e l  t h a t  could 
be c a l i b r a t e d  and d i d  n o t  s a t u r a t e  t h e  d e t e c t o r  (See Fig. 3- lc) .  A 
power l e v e l  of about 30 megawatts w a s  de t ec t ed  implying an average energy 
of about f joule.  
(See Fig. 3 - l a ) .  Under these  
Then t h e  opa l ,  i n  conjunction with a g l a s s  f l a t  and 
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To perform impact tests,  many p u l s e s  must be f i r e d  so t h a t  t h e  l e n s  
parameters and t a r g e t  m a t e r i a l  e f f e c t s  can be studied. A f t e r  about f i f t y  
f i r i n g s ,  t h e  laser ou tpu t  was  g r e a t l y  reduced, which n e c e s s i t a t e d  t e a r i n g  
down t h e  assembly, r e p l a t i n g  t h e  f l a s h  lamp r e f l e c t o r s ,  r ep lac ing  t h e  
f l a s h  lamp, etc. A f t e r  a few more firings, t h e  k e r r  ce l l ,  vhich had leaked 
e a r l i e r ,  apparent ly  became contaminated t o  an e x t e n t  where Q-switching w a s  
no longer  possible .  A f t e r  r e f i l l i n g  with u l t r a  p u r i t y  nitrobenzene, 
success fu l  ope ra t ion  w a s  again maintained u n t i l  i n t e r n a l  chipping of one 
of  t h e  k e r r  ce l l  windows took place. Th i s  i s  a r e l a t i v e l y  common form 
of d e t e r i o r a t i o n ,  although usua l ly  occurs  only with powers exceeding a 
couple hundred megawatts. 
The bleachable ce l l  on o r d e r  f o r  s e v e r a l  months h a s  not  y e t  a r r i v e d  
because o f  l i q u i d  contamination problems y e t  t o  be solved by t h e  manu- 
f a c t u r e r .  
occurred , 
Thus, a delay of 10 days i n  t h e  laser  p a r t  o f  t h e  program has  
!h=e x a t e t s  have been macie i n  va r ious  types  ot aluminum; usual ly ,  
when c l o s e  t o  t h e  f o c a l  po in t  of  the system, a r a t h e r  smooth c r a t e r  
symmetrical i n  shape, about 200 microns a c r o s s  but considerably less i n  
depth,  is obtained. An examination of t h e  shock wave ou tpu t s  w e r e  j u s t  
under i n v e s t i g a t i o n  when t h e  latest k e r r  c e l l  f a i l u r e  took place.  
It i s  bel ieved t h a t  during the next  s eve ra l  weeks a s u f f i c i e n t  
nunber of  simulated impact tests w i l l  be accomplished so t h a t  an adequate 
eva lua t ion  of t h e  s imulat ion program may be undertaken. 
experimental da t a  w i l l  be included i n  t h e  f i n a l  r e p o r t ,  
A l l  r e s u l t s  and 
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SECTION 4.0 
PROGRESS REVIEW AND EVALUATION 
The c o n t r a c t u a l  work performed by t h e  NSL during the  f o u r t h  q u a r t e r  of 
t h e  extended c o n t r a c t  pe r iod  consis ted mostly of carrying o u t  t h e  scheduled 
hyperveloci ty  impact tests.  After c a r e f u l  p repa ra t ions ,  t h e  test  programs 
w e r e  i n i t i a t e d  by completing success fu l ly  t h e  upper mass range (3.11 mg) 
tes t  series of  which experimental r e s u l t s  are presented i n  Sec t ion  2.0. The 
lower range mass test series ( b o r o s i l i c a t e  g l a s s  beads 20, 50 and 90 microns 
i n  diameter) is c u r r e n t l y  underway; t h e  test  r e s u l t s  w i l l  be included i n  t h e  
f i n a l  r e p o r t  . 
D e f i n i t e  conclusions concerning t h e  q u a l i t y  o f  obtained experimental  
data ,  and t h e  r e s u l t i n g  eva lua t ion  of t he  u t i l i z e d  micrometeoroid impact 
^^-^^ -  --.- .,1,- L- --LS - - -^  3 -C*  ^ -  
acuauL, iuay u r r r y  ue c I L u A s v e u  e L L r i  a~ adeijiiate aiia:ysfs of a i i  ~ h e  data 
gathered; however, a prel iminary ana lys i s  of t h e  incomplete tes ts  r e s u l t s  
t o  d a t e  has  been c a r r i e d  out  and seems t o  g ive  t h e  following i n d i c a t i o n s :  
a )  The maximum peak t o  peak output amplitude i s  c l e a r l y  a func t ion  
of  t h e  m a s s  and t h e  v e l o c i t y  (i.e., of  t h e  momentum and t h e  k i n e t i c  
energy) of t h e  impacted p a r t i c l e ,  a s  w e l l  as of t h e  d i s t a n c e  t r a v e r s e d  
by t h e  stress wave from the po in t  of  impact t o  t h e  recording t r ans -  
ducer. 
The l o c a t i o n  of  t h e  impact may be q u i t e  accu ra t e ly  c a l c u l a t e d  
(within a small f r a c t i o n  of t h e  d i s t a n c e  between ad jacen t  t r ans -  
ducers which is one inch) from t h e  d i f f e r e n c e s  i n  a r r i v a l  times 
of  t h e  stress wave a t  t h e  f o u r  t r ansduce r s  c l o s e s t  t o  t h e  impact 
area.  
The i n t e r f e r i n g  a t t enua t ion  f a c t o r  may be el iminated from t h e  
equat ion by comparing t h e  amplitudes and a r r i v a l  t i m e s  of  out-  
p u t s  from t h e  s e v e r a l  t ransducers  f o r  any p a r t i c u l a r  impact. 
b) 
c )  
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d) Impacting t h e  t a r g e t  sur face  a t  ob l ique  angles  r e s u l t s  i n  o v e r a l l  
decreased output  amplitudes but  t h e r e  seem t o  be few, i f  any, 
d i r e c t i o n a l  e f f e c t s  de t ec t ab le  with t h e  employed experimental  
sensor design. 
A hyperve loc i ty  impact may be d i f f e r e n t i a t e d  from a very  low 
v e l o c i t y  impact, j u s t  as from var ious  processes  ac t ing  as sources  
of stress wave t r a i n s  such a s  s t r e s s - r e l i e v i n g  mechanisms occurr ing  
i n  t h e  sensor  s t r u c t u r e  i n  consequence o f ,  e.g., unequal thermal  
expansion of t h e  va r ious  sensor  components. 
composition of t h e  r e spec t ive  stress waves depend on t h e  mode of 
t h e i r  genera t ion ;  t he  data  presented  i n  Sec t ion  2.0 i n d i c a t e  t h a t  
t h e  o v e r a l l  du ra t ion  of  the  main p a r t  of a hyperve loc i ty  impact 
stress wave i s  of the  order  of microseconds while stress wave 
t r a i n s  o r i g i n a t e d  by t h e  o t h e r  processes  span s u b s t a n t i a l l y  longer  
pe r iods  o f  time. 
The s e n s i t i v i t y  of t h e  present  sensor-preamplif ier  combination, 
e) 
The du ra t ion  and frequency 
f )  
$ . e . ,  t he  S/N r n t i s  sf ch.e iPstr*zenr,  SCd,m,E ts be high enn..gh f e r  
impacts of p r o j e c t i l e s  with mass of gram t o  be de tec ted .  
I n  summary, then, t h e  prel iminary a n a l y s i s  of experimental  d a t a  ga thered  
t o  da t e  seems t o  i n d i c a t e  a s t rong  dependence of t h e  output  ampli tudes on t h e  
mass and v e l o c i t y  (hence, t h e  momentum and k i n e t i c  energy) of t h e  impacted 
projectiles.-;Comparing ou tpu t s  from s e v e r a l  t ransducers ,  a l l  o r i g i n a t e d  by 
the  same impact, promises t o  a l low e l imina t ion  of t h e  i n t e r f e r i n g  f a c t o r  of  
amplitude a t t e n u a t i o n  by wave propagation. Furthermore, d i f f e r e n c e s  i n  
stress wave arrival t i m e s  a l low a q u i t e  accu ra t e  computation of t h e  impact 
a r e a  l o c a t i o n ,  r e l a t i v e  t o  t h e  p o s i t i o n  of  record ing  t ransducers .  
A thorough a n a l y s i s  of all data  w i l l  be undertaken i n  t h e  next  few 
weeks and should r e s u l t  i n  discovering s t i l l  o t h e r  r e l a t i o n s h i p s  between 
impact parameters and ou tpu t  waveform c h a r a c t e r i s t i c s ,  a s  w e l l  as y i e ld ing  
more q u a n t i t a t i v e  r e s u l t s .  
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